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(54) Hydrogen extraction unit 

(57) A hydrogen extraction unit (10) has reformed 
gas flow channel plates (30), hydrogen separation 
plates (40), and purge gas flow channel plates (50), 
which are designed as thin metal plate members. The 
hydrogen extraction unit (10) is constructed by laminat- 
ing these thin plate members and then bonding them 
together by diffusion bonding. Each of reformed gas flow 
channel holes (32) formed in the reformed gas flow 
channel plates (30) constitutes a flow channel for re- 
formed gas together with a correspondingly adjacent 
one of the hydrogen separation plates (40). Each of 
purge gas flow channel holes (54) formed in the purge 
gas flow channel plates (50) constitutes, together with 
a correspondingly adjacent one of the hydrogen sepa- 
ration plates (40), a flow channel for purge gas with 
which hydrogen extracted from reformed gas is mixed. 
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Description 

BACKGROUND OF THE INVENTION 
1 ■ Field of the Invention 

[0001] The invention relates to a hydrogen extraction 
(/separation) unit for extracting hydrogen from a hydro- 
gen-containing gas that contains hydrogen. 

2. Description of the Related Art 

[0002] As a unit for extracting hydrogen from a hydro- 
gen-containing gas, there has been i<nown a unit mak- 
ing use of a hydrogen separation film including a metal 
that selectively allows pfeneiration of hydrogen (e.g., 
palladium or a palladium alloy). Such a hydrogen extrac- 
tion unit is employed, for example, In a fuel cell system 
having a fuel cell. 

[0003] A fuel cell is designed to be supplied with fuel 
gas containing hydrogen and to obtain an electromotive 
force by an electrochemical reaction. As a method of 
applying a hydrogen extraction unit to a fuel cell system, 
It has been l^nown to extract hydrogen from reformed 
gas (hydrogen-rich gas) obtained by reforming a hydro- 
carbonic fuel by means of the hydrogen extraction unit 
and to supply a fuel cell with the hydrogen thus obtained. 
In the hydrogen extraction unit thus constructed, if a flow 
channel through which the aforementioned reformed 
gas flows is formed on the side of one face of a hydrogen 
separation film, only the hydrogen contained in the re- 
formed gas penetrates the hydrogen separation film. 
Hence, the hydrogen can be extracted in a flow channel 
formed on the side of the other face of the hydrogen sep- 
aration film. 

[0004] There has been proposed a hydrogen extrac- 
tion unit equipped with a hydrogen separation film, 
which Is constructed by laminating a plurality of first 
members, hydrogen separation films, and second mem- 
bers (see Japanese Patent Application Laid-Open No. 
6-345408 and the like). Each of the first members con- 
stitutes a flow channel layer through which a hydrogen- 
containing gas such as the aforementioned reformed 
gas flows. Each of the second members constitutes a 
flow channel layerthrough which hydrogen extracted by 
the hydrogen separation film flows. By thus laminating 
the two members constituting the flow channel mem- 
bers between which the hydrogen separation film is in- 
terposed, it becomes possible to ensure a wider surface 
area of the hydrogen separation film In the unit as a 
whole and to enhance the hydrogen extraction efficien- 
cy. 

[0005] However, not much consideration has been 
given so far to a method of connecting the flow channel 
constituting members and the hydrogen separation film 
when laminating them as described above. A structure 
for connecting flow channels constituted through lami- 
nation of members or a structure for ensuring airtight- 



ness of flow channels is required in end portions of each 
of the members that have been laminated. 
[0006] As in the case where the hydrogen extraction 
unit thus constructed is installed in a vehicle together 

5 with a fuel cell and where the fuel cell is used as a power 
source for driving the vehicle; if the hydrogen extraction 
unit is used for purposes with a restricted space for in- 
stallation, further reduction in size is desired. For exam- 
ple, as a construction for connecting a plurality of mem- 

10 bers with ensured airtightness, it has been known to dis- 
pose sealing members such as gaskets among the 
members to be connected. Nevertheless, such a con- 
crete construction of the hydrogen extraction unit as will 
permit further reduction In size has been desired. 

15 

SUMIVIARY OF THE INVENTION 

[0007] The invention has been made to solve the 
aforementioned problems of the related art. It is thus an 
object of the invention to provide an art for connecting 
members constituting a hydrogen extraction unit in such 
a manner as to permit further reduction in size of the 
hydrogen extraction unit. 

[0008] To achieve the object stated above, the inven- 
tion provides a hydrogen extraction unit which is de- 
signed to extract hydrogen from a hydrogen-containing 
gas that contains hydrogen and which comprises a hy- 
drogen separation member, a first flow channel mem- 
ber, and a second flow channel member. The hydrogen 
separation member is designed as a thin metal plate 
member equipped with a hydrogen separation film that 
selectively allows penetration of hydrogen. The first flow 
channel member is disposed in a laminated manner, is 
designed as a thin metal plate member, is disposed ad- 
jacent to a first face of the hydrogen separation member, 
is bonded to the hydrogen separation member by a 
bonding method free from fusion of abase material, and 
constitutes, together with the hydrogen separation 
member adjacent to the first flow channel member, a hy- 
drogen-containing gas flow channel and through which 
the hydrogen-containing gas flows. The second flow 
channel member is disposed in a laminated manner, Is 
designed as a thin metal plate member, is disposed ad- 
jacent to a second face of the hydrogen separation 
member, is bonded to the hydrogen separation member 
by a bonding method free from fusion of a base material, 
and constitutes, together with the hydrogen separation 
member adjacent to the second flow channel member, 
a hydrogen flow channel and through which hydrogen 
penetrating the hydrogen separation film and extracted 
from the hydrogen-containing gas flows. 
[0009] In the hydrogen extraction unit constructed as 
described above according to the invention, the plate 
members for constituting the flow channels are made of 
a metal exhibiting high rigidity, and thus can be made 
thinner. The unit, which is constructed by laminating the 
thin plate members thus designed, can be made thin 
and compact as a whole. In addition, when the thin metal 
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plate members thus designed are laminated, they are 
bonded together by the bonding method free from fusion 
of the base material. Therefore, there is no need to set 
the thickness of the base material on the premise that 
the base material will melt. Accordingly, the unit can be 
made thinner as a whole. 

[001 0] The invention also relates to a method of man- 
ufacturing a hydrogen extraction unit for extracting hy- 
drogen from a hydrogen-containing gas that contains 
hydrogen. This method comprises the steps of prepar- 
ing a hydrogen separation member designed as a thin 
metal plate member equipped with a hydrogen separa- 
tion film that selectively allows penetration of hydrogen, 
preparing a flow channel member designed as a thin 
metal plate member and equipped with a flow channel 
constituting portion tor constituting a gas flow channel 
between itself and the hydrogen separation member 
that Is adjacent to the flow channel member when the 
hydrogen extraction unit has been assembled, laminat- 
ing a plurality of members including the hydrogen sep- 
aration member and the flow channel member In a pre- 
determined sequence, and bonding the hydrogen sep- 
aration member and the flow channel member together 
by a bonding method free from fusion of a base material. 

BRIEF DESCRIPTION OF THE DRAWINGS 



[0011] 



Fig. 1 is a perspective view of the external appear- 
ance of a hydrogen extraction unit 10. 
Fig. 2 is an exploded perspective view of plate 
members constituting the hydrogen extraction unit 
10. 

Fig. 3 is an explanatory view of the external appear- 
ance of a reformed gas flow channel plate 30. 
Fig. 4 Is an explanatory view of the external appear- 
ance of a hydrogen separation plate 40. 
Fig. 5 is an explanatory view of the external appear- 
ance of a purge gas flow channel plate 50. 
Fig. 6 Is an explanatory view of the overall manu- 
facturing steps of the hydrogen extraction unit 10. 
Fig. 7 is an explanatory view of the construction of 
a fuel cell system 80 equipped with the hydrogen 
extraction unit 10. 

Fig. 8 is an explanatory view of the construction of 
a hydrogen extraction unit 11 0 according to a sec- 
ond embodiment of the invention. 
Fig. 9 is an explanatory view of manufacturing steps 
of a hydrogen extraction unit 210 according to a 
third embodiment of the invention. 
Fig. 1 0 is an explanatory view of how to cut a lam- 
inated body, represented in the form of a plan view 
of a refomned gas flow channel plate 230. 
Fig. 11 is an explanatory view of how to cut the lam- 
inated body, represented in the form of a plan view 
of a purge gas flow channel plate 250. 
Fig. 1 2 Is an explanatory view of the laminated body 



after it has bee^cut along broken lines. 
Fig. 13 is an explanatory view of the external ap- 
pearance of the hydrogen extraction unit 210 hav- 
ing a casing in which the laminated body is accom- 
5 modated. 

Fig. 14 is an explanatory view of the overall con- 
struction of a fuel cell system employing a hydrogen 
extraction unit according to an embodiment of the 
invention. 

10 Fig. 15 is a perspective view of a hydrogen extrac- 
tion unit 310. 

Fig. 1 6 is an exploded perspective view of a part of 
the hydrogen extraction unit3J0. 

15 DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0012] Modes of Implementing the invention will now 
be described on the basis of some embodiments in the 
20 following sequence. 

A. Construction of Hydrogen Extraction Unit 10 ac- 
cording to First Embodiment of the Invention; 

B. Flow of Gas through Hydrogen Extraction Unit 
25 10: 

C. Method of Manufacturing Hydrogen Extraction 

Unit 10: 

D. Application to Fuel Cell System: 

E. Construction of Hydrogen Extraction Unit llOac- 
30 cording to Second Embodiment of the Invention: 

F. Construction of Hydrogen Extraction Unit 210 ac- 
cording to Third Embodiment of the Invention: 

G. Modification Examples: 

35 A. Construction of Hydrogen Extraction Unit 10 
according to First Embodiment of the Invention: 

[0013] Fig. 1 is a perspective view of the external ap- 
pearance of the hydrogen extraction unit 10 according 
^0 to one preferred embodiment of the invention. The hy- 
drogen extraction unit 1 0 of this embodiment is installed 
in a fuel cell system to extract hydrogen from reformed 
gas that is obtained by reforming a hydrocarbonic fuel. 
Hydrogen extracted by the hydrogen extraction unit 10 
45 is supplied as fuel gas to a fuel cell disposed in the fuel 
cell system. The construction of the fuel cell system will 
be described later. As shown in Fig. 1 , the hydrogen ex- 
traction unit 10 has a structure comprised of a plurality 
of layers of thin square plate members that are substan- 
ce tially identical in shape. Fig. 2 is an exploded perspec- 
tive view of some of the plate members constituting the 
hydrogen extraction unit 1 0, that is, six of the plate mem- 
bers disposed in an upper end portion (indicated by "A" 
in Fig. 1) of the hydrogen extraction unit 10. 
55 [0014] The hydrogen extraction unit 10 includes end 
plates 20, reformed gas flow channel plates 30, hydro- 
gen separation plates 40, and purge gas flow channel 
plates 50 constituting purge gas flow channels. It Is to 
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be noted herein that each of the reformed gas flow chan- 
nel plates corresponds lo the first flow channel mennber. 
that each of the hydrogen separation plates corre- 
sponds to the hydrogen separation member, and that 
each of the purge gas flow channel plates corresponds 
to the second flow channel member. 
[0015] The end plates 20 are disposed at upper and 
lower ends of the hydrogen extraction unit 10, respec- 
tively. The reformed gas flow channel plates 30 consti- 
tute flow channels for reformed gas (i.e., the first gas 
flow channels). Each of the hydrogen separation plates 
40 is formed of a hydrogen separation film. The purge 
gas flow channel plates 50 constitute purge gas flow 
channels (i.e., the second gas flow channels) through 
which extracted hydrogen flows together with purge 
gas. Purge gas will be described later. As shown in Fig. 
2, a reformed gas flow channel plate 30a, a hydrogen 
separation plate 40a, a purge gas flow channel plate 
50a, a hydrogen separation plate 40b, and a reformed 
gas flow channel plate 30b are disposed in this se- 
quence . The reformed gas flow channel plate 30a is dis- 
posed adjacent to the end plate 20 (which Is disposed 
at the upper end of the hydrogen extraction unit 1 0 and 
will be referred to simply as the end plate 20). The re- 
formed gas flow channel plate 30a and the reformed gas 
flow channel plate 30b are Identical to each other. The 
hydrogen separation plate 40a and the hydrogen sepa- 
ration plate 40b are also identical to each other. In Fig. 
2, each of the plates 30 and 40 is accompanied by "a" 
or "b" so as to clarify the sequence in which they are 
laminated. Hole portions of predetermined shapes are 
formed In each of the plate members at predetermined 
positions thereof. Each of the plate members is oriented 
in a predetermined direction corresponding to its se- 
quence of lamination. By orienting the plate members 
in predetermined directions according to a predeter- 
mined sequence, the flow channels for reformed gas 
and the flow channels for purge gas are fonned into de- 
sired shapes in the hydrogen extraction unit 10. 
[0016] The end plate 20 has a reformed gas introduc- 
tion hole 22 and a purge gas introduction hole 24 as hole 
portions. Reformed gas to be supplied to the hydrogen 
extraction unit 1 0 is introduced into the hydrogen extrac- 
tion unit 10 through the reformed gas introduction hole 
22. Purge gas to be supplied to the hydrogen extraction 
unit 10 is introduced Into the hydrogen extraction unit 
10 through the purge gas Introduction hole 24. As will 
be described later, when manufacturing the hydrogen 
extraction unit 10, the plate members constituting the 
hydrogen extraction unit 1 0 are laminated in the prede- 
termined sequence and s^ibjected to a pressing force. 
The end plate 20 is made thicker than the other plate 
members so as to exhibit a sufficient rigidity against ap- 
plication of such a pressing force and to be connected 
to a pipe line through which refomied gas or purge gas 
is supplied and discharged. I n this embodiment, the end 
plate 20 is made of stainlesa steel. 
[0017] Fig. 3 is an explanatory view of the external 



appearance of the reformed gas flow channel plate 30. 
The reformed gas flow channel plate 30 has a reformed 
gas flow channel hole 32 (i.e., a first gas flow channel 
hole portion) constituting a flow channel for reformed 

5 gas and a purge gas passage hole 34 constituting a flow 
channel for purge gas. The reformed gas flow channel 
hole 32 is a wide oblong hole portion formed in a central 
portion of the reformed gas flow channel plate 30. In the 
hydrogen extraction unit 10, a reformed'gas flow chan- 

10 nel through which reformed gas flows perpendicularly 
to the direction of lamination of the plate members is 
formed between the reformed gas flow channel hole 32 
and the hydrogen separation plate 40 that is adjacent to 
the reformed gas flow channel hole 32. The purge gas 

^5 passage hole 34 is a long, narrow oblong hole portion 
formed between one side of the reformed gas flow chan- 
nel plate 30 and the reformed gas flow channel hole 32. 
In the hydrogen extraction unit 10, the purge gas pas- 
sage hole 34 constitutes a purge gas flow channel 

20 through which purge gas flows parallel to the direction 
of lamination of the plate members. In this embodiment, 
the reformed gas flow channel plate 30 Is made of stain- 
less steel. 

[0018] Fig. 4 is an explanatory view of the external 

25 appearance of the hydrogen separation plate 40. The 
hydrogen separation plate 40 has gas passage holes 
44, 46 as hole portions. The gas passage holes 44, 46 
constitute flow channels for gas. The gas passage hofe 
portions 44, 46 are long, narrow oblong hole portions 

30 that are fonned along two adjacent sides of the hydro- 
gen separation plate 40. In the hydrogen extraction unit 
10, the gas passage holes 44, 46 constitute gas flow 
channels through which purge gas and reformed gas 
flow respectively parallel to the direction of lamination 

35 of the plate members. The hydrogen separation plate 
40 of this embodiment is formed as a palladium foil, 
which selectively allows penetration of hydrogen. In the 
hydrogen separation plate 40, hydrogen is separated in 
a region where the reformed gas flow channel hole 32 

40 formed in the refonned gas flow channel plate 30 adja- 
cent to the hydrogen separation plate 40 and a later- 
described purge gas flow channel hole formed in the 
purge gas flow channel plate 50 adjacent to the hydro- 
gen separation plate 40 overlap with each other. A hy- 

45 drogen separation portion 41 , that Is, the region where 
hydrogen Is thus separated is surrounded by alternate 
long and two short dashes lines in Fig. 4. 
[0019] Fig. 5 is an explanatory view of the external 
appearance of the purge gas flow channel plate 50. The 

so purge gas flow channel plate 50 has a purge gas flow 
channel hole 54 (i.e., a second gas flow channel hole 
portion) and a reformed gas passage hole 56 as hole 
portions. The purge gas flow channel hole 54 constitutes 
a flow channel for purge gas, and the reformed gas pas- 

55 sage hole 56 constitutes a flow channel for reformed 
gas. The purge gas flow channel hole 54 is a wide ob- 
long hole portion formed in a central portion of the purge 
gas flow channel plate 50. In the hydrogen extraction 
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unit 10, a purge gas flow channel through which purge 
gas flows perpendicularly to the direction of lannination 
of the plale members is formed between the purge gas 
flow channel hole 54 and the hydrogen separation plate 
40 that is adjacent to the purge gas flow channel hole 
54. The reformed gas passage hole 56 is a long, narrow 
oblong hole portion formed between one side of the 
purge gas flow channel plate 50 and the purge gas flow 
channel hole 54. In the hydrogen extraction unit 10, the 
reformed gas passage hole 56 constitutes a refonned 
gas flow channel through which reformed gas flows par- 
allel to the direction of lamination of the plate members. 
In this embodiment, the purge gas flow channel plate 50 
is made of stainless steel. 

[0020] When the aforementioned plate members are 
laminated, the reformed gas flow channel plate 30a ad- 
jacent to the end plate 20 Is oriented such that the purge 
gas passage hole 34 overlaps with the purge gas intro- 
duction hole 24 formed in the end plale 20 (see Fig. 2). 
In this stale, the reformed gas introduction hole 22 
formed in the end plate 20 overlaps with one end portion 
of the reformed gas flow channel hole 32 formed in the 
reformed gas flow channel plate 30a (see Fig. 3). 
[0021 ] The hydrogen separation plate 40a adjacent to 
the reformed gas flow channel plate 30a is oriented such 
that the gas passage hole 44 overlaps with the purge 
gas introduction hole 24 formed in the end plate 20 and 
the purge gas passage hole 34 fomied in the reformed 
gas flowchannel plate 30a (see Fig. 2). In this state, the 
gas passage hole 46 overlaps with one end portion of 
the reformed gas flow channel hole 32 formed in the re- 
formed gas flow channel plate 30a (see Fig. 3). The gas 
passage hole 46 and the reformed gas introduction hole 
22 are located along opposed sides of the reformed gas 
flow channel hole 32. In the hydrogen separation plate 
40a, the gas passage hole 44 forms a purge gas flow 
channel through which purge gas flows parallel to the 
direction of lamination of the plate members. The gas 
passage hole 46 constitutes a reformed gas flow chan- 
nel through which reformed gas flows parallel to the di- 
rection of lamination of the plate members. 
[0022] The purge gas flow channel plate 50 adjacent 
to the hydrogen separation plate 40a is oriented such 
that the reformed gas passage hole 56 overlaps with the 
gas passage hole 46 formed in the hydrogen separation 
plate 40a. In this state, the gas passage hole 44 formed 
in the hydrogen separation plate 40a overlaps with one 
end portion of the purge gas flow channel hole 54 
formed In the purge gas flow channel plate 50 (see Fig. 
5). 

[0023] The second hydrogen separation plate 40b is 
oriented such that the gas passage hole 44 overlaps 
with the reformed gas passage hole 66 formed in the 
purge gas flow channel plate 50. In this state, the gas 
passage hole 46 overlaps with one end portion of the 
purge gas flow channel hole 54 formed in the purge gas 
flow channel plate 50 (see Fig. 5). The gas passage hole 
46 formed in the hydrogen separation plate 40b and the 



gas passage hole 44 formed In the hydrogen separation 
plate 40a are located along opposed sides of the purge 
gas flow channel hole 54. In the second hydrogen sep- 
aration plate 40b, the gas passage hole 44 constitutes 

5 a reformed gas flow channel through which reformed 
gas flows parallel to the direction of lamination of the 
plate members. The gas passage hole 46 constitutes a 
purge gas flow channel through which purge gas flows 
parallel to the direction of lamination of the plate mem- 

10 bers. 

[0024] Thus, the purge gas flow channel plate 50 or 
the reformed gas flow channel plate 30 is disposed al- 
ternately between two adjacent ones of the laminated 
hydrogen separation plates 40 in the light of the entire 

15 hydrogen extraction unit 10. In this state, two adjacent 
ones of the hydrogen separation plates 40 between 
which the reformed gas flow channel plate 30 or the 
purge gas flow channel plate 50 is disposed are lami- 
nated in such a state that the lower one is rotalionally 

20 shifted clockwise by 90** with respect to the upper one 
in Fig. 2. 

[0025] Two adjacent ones of the reformed gas flow 
channel plates 30, between which two corresponding 
ones of the hydrogen separation plates 40 and a corre- 

25 sponding one of the purge gas flow channel plates 50 
are disposed, are sequentially laminated in such a state 
that they are rotationally shifted by 1 SO'* with respect to 
each other (see Fig. 2). By the same token, two adjacent 
ones of the purge gas flow channel plates 50, between 

30 which two corresponding on^s of the hydrogen separa- 
tion plates 40 and a corresponding one of the reformed 
gas flow channel plates 30 are disposed, are sequen- 
tially laminated in such a state that they are rotationally 
shifted by 1 80® with respect to each other, 

35 

B. Flow of Gas In Hydrogen Extraction Unit 10: 

[0026] Arrows in Fig. 2 show how reformed gas and 
purge gas flow In the hydrogen extraction unit 10. Re- 

40 formed gas to be supplied to the hydrogen extraction 
unit 10 is introduced to the inside through the reformed 
gas introduction hole 22 formed in the end plate 20. In 
the hydrogen extraction unit 10, while flowing through 
the reformed gas flow channel constituted by the re- 

45 formed gas flow channel hole 32 formed in each of the 
reformed gas flow channel plates 30, reformed gas Is 
used to separate hydrogen by means of a correspond- 
ing one of the hydrogen separation plates 40 adjacent 
to the reformed gas flow channel plate 30, In a space 

50 between reformed gas flow channels constituted by two 
adjacent ones of the reformed gas flow channel holes 
32, reformed gas is introduced through the reformed gas 
flow channels constituted by the gas passage holes 44, 
46 and the reformed gas passage hole 56, which are 

55 formed in the plates between the corresponding ones of 
the reformed gas flow channel plates 30. In this case, 
while reformed gas flows in one direction through the 
reformed gas flow channel constituted by the reformed 
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gas flow channel hole 32 formed in one of two adjacent 
ones of the reformed gas flow channel piates 30, re- 
formed gas flows In the opposite direction through the 
reformed gas flow channel constituted by the reformed 
gas flow channel hole 32 formed in thd^other reformed 
gas flow channel plate 30. 

[0027] By the same token, purge gas to be supplied 
to the hydrogen extraction unit 10 is introduced to the 
Inside through the purge gas introduction hole 24 
formed in the end plate 20. In the hydrogen extraction 
unit 10, while purge gas flows through the purge gas 
flow channel constituted by the purge gas flow channel 
hole 54 formed in each of the purge gas flow channel 
plates 50, hydrogen extracted by the hydrogen separa- 
tion plates 40 adjacent to the purge gas flow channel 
plate 60 is introduced. In a space between purge gas 
flow channels constituted by two adjacent ones of the 
purge gas flow channels 54, purge gas is introduced 
through the purge gas flow channel constituted by the 
gas passage holes 44, 46 and the purge gas passage 
hole 34, which are formed in the plates between the cor- 
responding ones of the purge gas flow channel plates 
50. In this case, while purge gas flows in one direction 
through the purge gas flow channel constituted by the 
purge gas flow channel hole 54 formed in one of two 
adjacent ones of the purge gas flow channel plates 50, 
purge gas flows in the opposite direction through the 
purge gas flow channel constituted by the purge gas 
flow channel hole 54 formed in the other purge gas flow 
channel plate 50. 

[0028] Although Fig. 2 shows the end plate 20 dis- 
posed on the side where reformed gas and purge gas 
are Introduced, the end plate 20 of the same type is dis- 
posed at the other end of the hydrogen extraction unit 
10 as well. Two hole portions of the same type as the 
refonned gas Introduction hole 22 and the purge gas in- 
troduction hole 24 are formed also In the end plate 20 
that is disposed at the other end of the hydrogen extrac- 
tion unit 10. Reformed gas which has flown through the 
reformed gas flow channel in the hydrogen extraction 
unit 1 0 and from which hydrogen has been separated Is 
introduced to the outside through one of the two hole 
portions. Purge gas that has flown through the purge 
gas flow channel in the hydrogen extraction unit 10 and 
been mixed with the separated hydrogen Is introduced 
to the outside through the other hole portion. 
[0029] It is to be noted herein that purge gas refers to 
a gas to be supplied to the flow channel on the side into 
which extracted hydrogen flows so as to ensure that the 
hydrogen separation film extracts hydrogen with en- 
hanced efficiency That is, the hydrogeft extraction unit 
10 Is designed such that purge gas flows through the 
purge gas flow channel and that purge gas carries away 
hydrogen that has been extracted from reformed gas 
through penetration of the hydrogen separation film. 
Thus, the hydrogen extraction unit 10 always maintains 
low hydrogen concentrations on the side of the purge 
gas flow channel and ensures high hydrogen extraction 



efficiency. Among gases that cause no inconvenience 
in later steps in which hydrogen tal<en out from the hy- 
drogen extraction unit 10 is used and that exhibit a suf- 
ficiently low concentration of hydrogen, any one suited 
5 for the purpose can be selected as purge gas. 

C. Method of Manufacturing Hydrogen Extraction Unit 
10: 

10 [0030] Fig. 6 is an explanatory view of the overall 
manufacturing steps of the hydrogen extraction unit 10. 
In manufacturing the hydrogen extraction unit 10, the 
plate members constituting the hydrogen extraction unit 
10 are prepared first (step S100). That is, hole portions 
15 of predetermined shapes are formed in stainless plates 
or palladium foils, which are then formed into a substan- 
tially Identical rectangular shape and prepared as the 
end plates 20, the reformed gas flow channel plates 30, 
the purge gas flow channel plates 50, and the hydrogen 
20 separation plates 40. In this embodiment, the hole por- 
tions of the predetermined shapes are formed in the 
plate members by means of etching. Etching is a 
processing method including the steps of masking the 
surface of a metal member with a corrosion-resistant 
25 substance according to a predetermined shape and dis- 
solving an unmasked portion of the metal member by 
means of a corrosive liquid to obtain a desired shape. 
[0031 ] These plate members are then oriented in the 
predetermined directions as mentioned above and lam- 
30 inated in the predetermined sequence as mentioned 
above (step S110). The laminated plate members are 
then heated and pressurized, and two adjacent ones of 
the plate members are each bonded together by diffu- 
sion bonding (step S1 20) , whereby the hydrogen extrac- 
ts tion unit 1 0 is completed. In the case of actual operation, 
the hydrogen extraction unit 10 is connected to pipe 
lines through which reformed gas and purge gas are 
supplied to or discharged from the hydrogen extraction 
unit 10. 

40 [0032] Diffusion bonding is a method including the 
steps of heating and pressurizing metal members to be 
bonded together at a temperature lower than their melt- 
ing point and bonding them together with the aid of 
atomic diffusion. Both the metal members to be bonded 

45 together are diffused at their contact surfaces into each 
other and then integrated with each other, Metal mem- 
bers of different kinds can also be bonded together eas- 
ily by diffusion bonding. In this embodiment, the plate 
members are heated and pressurized after having been 

50 laminated, and two adjacent ones of the plate members 
are each bonded together at their contact surfaces by 
means of diffusion bonding. 

[0033] The hydrogen extraction unit 1 0 is constructed 
by laminating the thin metal plate members. Therefore, 
55 the unit can be made thinner and smaller as a whole. 
That is, the metal plates exhibiting high rigidity are em- 
ployed as the members constituting the gas flow chan- 
nels, whereby it becomes possible to make the mem- 
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bers constituting the flow channels thinner. Accordingly, 
if it is assumed that the total area of hydrogen separation 
films (the number of hydrogen separation plates) em- 
ployed in a lamination-type hydrogen extraction unit Is 
constant, the unit can be made still thinner as a whole. 
[0034] Furthermore, when such thin metal plate mem- 
bers are laminated, they are bonded together by diffu- 
sion bonding. Therefore, the unit can be made still thin- 
ner as a whole. Unlike other bonding methods such as 
welding, diffusion bonding does not involve fusion of 
base materials. There is no need to set the thickness of 
the base materials on the premise that the base mate- 
rials will melt. Accordingly, it is not required that the thin 
plate members as the base materials for bonding be 
made thicker so as to be bonded together. Hence, the 
unit can be made sufficiently thin as a whole. In diffusion 
bonding, no other material intended for bonding is inter- 
posed arhong the base materials. Therefore, bonding 
does not cause an increase In the thickness of the entire 
unit. 

[0035] By making the thin metal plate members con- 
stituting the gas flow channels in the hydrogen extrac- 
tion unit 10, that is, the reformed gas flow channel plates 
30 and the purge gas flow channel plates 50 thinner, it 
becomes possible to further reduce the cross-sectional 
areas of the gas flow channels formed in the hydrogen 
extraction unit 1 0. If gas Is supplied to the hydrogen ex- 
traction unit 10 at a constant flow rate, the flow velocity 
of gas in each of the flow channels is increased as the 
cross-sectional area of that flow channel Is reduced as 
described above. If the total area of the hydrogen sep- 
aration films employed in the hydrogen extraction unit 
1 0 is constant, the speed at which hydrogen is extracted 
through penetration of each of the hydrogen separation 
films is increased as the flow velocity of gas in the gas 
flow channel contiguous to that hydrogen separation 
film is Increased. Accordingly, the hydrogen extraction 
efficiency in the hydrogen extraction unit 10 can be en- 
hanced as a whole by making the thin plate members 
constituting the gas flow channels thinner. 
[0036] As the thin plate members constituting the gas 
flow channels are made thinner to further reduce the 
cross-sectional areas of the gas flow channels, the pres- 
sure loss during passage of gas through the gas flow 
channels Is Increased as well. Thus, It is appropriate that 
the thicknesses of the thin plate members constituting 
the gas flow channels be set suitably in consideration of 
the effect of an Increase in flow velocity resulting from 
the reduced cross-sectional areas of the flow channels, 
the effect of making it possible to ensure compactness 
of the entire unit, and the influence exerted by an in- 
crease in pressure loss. Taking a balance among these 
factors Into account, the reformed gas flow channel 
plates 30 and the purge gas flow channel plates 50 can 
be formed into a thickness of e.g. 100 |.im to 1mm, pref- 
erably, 200 to 500 }.im. 

[0037] In this embodiment, each of the hydrogen sep- 
aration plates 40 is formed of a palladium foil, that is. a 



metal self-supported film (a film formed exclusively from 
a certain metal). Therefore, It Is possible to make the 
hydrogen separation plates 40 thinner and make the hy- 
drogen extraction unit 10 more compact as a whole. It 

5 is appropriate that the thickness of the hydrogen sepa- 
ration plates 40 be set in consideration of the rigidity as 
members to be laminated, the efficiency of hydrogen 
penetration, and the like. For example, the hydrogen 
separation plates 40 can be formed into a thickness of 

10 20 to 25 [xm. To ensure the penetrability of hydrogen 
through palladium foils more sufficiently, It is appropriate 
that the hydrogen separation plates 40 be made thinner. 
For example, the hydrogen separation plates 40 may be 
formed into a thickness of about 1 fim. However, in the 

>5 case where the hydrogen separation plates 40 are 
formed of metal foils as self-supported films, it is pref- 
erable in tenns of rigidity that the hydrogen separation 
plates 40 be formed Into a thickness equal to or greater 
than 10 ).im. As is also apparent from this description, 

20 "the thin plate members" In the present specification in- 
cludes foil-like members with thicknesses Of 1 ^m to 
dozens of micrometers as well. Metal foils made of met- 
als other than palladium can also be employed as the 
hydrogen separation films that selectively allow pene- 

25 tration of hydrogen.Tor example, the hydrogen separa- 
tion plates 40 can be made of metals with higher selec- 
tive penetrability of hydrogen, such as vanadium, nio- 
bium, and tantalum. If the selective penetrability of hy- ' 
drogen is sufficiently high, the hydrogen separation 

30 plates 40 can be formed into a thickness equal to or 
greater than the aforementioned values so as to ensure 
rigidity more sufficiently. It is also appropriate that the 
hydrogen separation plates 40 formed of metal foils be 
made of a plurality of metals that selectively allow pen- 

35 etration of hydrogen. 

[0038] Although the thin metal plate members (i.e., 
the reformed gas flow channel plates 30, the purge gas 
flow channel plates 50, and the end plates 20) consti- 
tuting the gas flow channels are made of stainless steel 

40 in this embodiment, they may be made of other metals. 
As long as these plate members exhibit sufficient rigid- 
ity, can be formed with sufficient precision by methods 
such as etching, and can be bonded to the hydrogen 
separation plates 40 by diffusion bonding, they can be 

45 made of any metals. For example, if the aforementioned 
thin plate members are made of a metal that is close in 
thermal expansion coefficient to a metal of which the hy- 
drogen separation plates 40 are made, the rigidity and 
durability of the hydrogen extraction unit 1 0 can be en- 

50 hanced. 

[0039] By forming the plate members constituting the 
hydrogen extraction unit 10 from thinner metal plates 
and bonding them together by diffusion bonding to make 
the hydrogen extraction unit 10 more compact as a 
55 whole, it becomes possible to reduce the thermal ca- 
pacity of the hydrogen extraction unit 1 0. Because the 
thermal capacity of the hydrogen extraction unit 10 is 
reduced, the energy required for warm-up can be re- 
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duced when the hydrogen extraction unit 1 0 is activated. 
[0040] In this embodiment, the hydrogen extraction 
unit 10 is manufactured solely by means of punching, 
and there is no need to perform complicated machining. 
Therefore, it is possible to simplify the manufacturing 
steps and process the hydrogen extraction unit 10 Into 
a desired shape with high precision. In this embodiment, 
such punching is based on etching. Etching is a 
processing method ensuring good conditions of cut sur- 
faces to be fomed. Further, there is no likelihood of de- 
formation being caused by heat transmitted at the time 
of the process or the cut surfaces being oxidized in the 
course of the process. That is, etching is an excellent 
method that makes high-precision work possible when 
thin metal plates are used. In addition, etching does not 
require expensive dies designed for work and thus 
makes it possible to lower the manufacturing cost. 
[0041] In this embodiment, since the thin plate mem- 
bers are bonded together by diffusion bonding, it is pos- 
sible to laminate the thin plate members and then inte- 
grate them into a single body while performing diffusion 
bonding. Accordingly, the manufacturing steps can be 
simplified. It is to be noted herein that there is no need 
to bond all the members constituting the hydrogen ex- 
traction unit 10 together by diffusion bonding. As long 
as at least some of the members are bonded together 
by diffusion bonding, the effect of making the hydrogen 
extraction unit 10 compact can be achieved. 
[0042] In the hydrogen extraction unit 10 of this em- 
bodiment, the flow channels through which reformed 
gas is supplied to or discharged from the flow channels 
constituted by the reformed gas flow channel holes 32 
orthe flow channels through which purge gas is supplied 
to or discharged from the flow channels constituted by 
the purge gas flow channel holes 54 are constituted by 
the hole portions formed In the plate members. There- 
fore, in order to allow gas to be supplied to or discharged 
from the flow channel contiguous to each of the hydro- 
gen separation films, there is no need to provide any 
special structure for connecting the flow channels to a 
manifold. As a result, the hydrogen extraction unit 10 
can be made compact as a whole. . 

D. Application to Fuel Cell System: 

[0043] As described already, the hydrogen extraction 
unit 10 is employed in a fuel cell system. The construc- 
tion of a fuel cell system equipped with the hydrogen 
extraction unit 10 of this embodiment will be described 
hereinafter. Fig. 7 is an explanatory view of the overall 
construction of the fuel cell system 80, which is an ex- 
emplary fuel cell system equipped with the hydrogen ex- 
traction unit 1 0 of the aforementioned embodiment. The 
fuel cell system 80 is mainly composed of a fuel tank 82 
for storing reformed fuel, a water tank 84 for storing wa- 
ter, an evaporation/mixture portion 86 for heating up and 
mixing reformed fuel and water, a reformer 88 having a 
refonning catalyst for promoting a reforming reaction, 



the hydrogen extraction unit 10, a fuel cell 90, and a 
blower 92. 

[0044] Reformed gas stored in the fuet tank 82 is used 
for a reforming reaction proceeding in the reformer 88. 

5 Various hydrocarbonic fuels capable of producing hy- 
drogen through a reforming reaction can be selected as 
the reformed fuel. These hydrocarbonic fuels include liq- 
uid hydrocarbons such as gasoline, alcohol or aldehyde 
groups such as methanol, and natural gas. The evapo- 

10 ration/mixture portion 86 is so structured as to gasify and 
heat up reformed gas supplied from the fuel tank 82 and 
water supplied from the water tank 84 and mix them to- 
gether 

[0045] The mixture gas composed of water and re- 
15 formed fuel discharged from the evaporation/mixture 
portion 86 is used for a reforming reaction In the reform- 
er 88 and produces reformed gas (hydrogen-rich gas). 
The reformer 88 is equipped with a reforming catalyst 
corresponding to the type of reformed fuel to be used. 
The reformer 88 is controlled such that its internal tem- 
perature becomes equal to a temperature suited for a 
reaction for reforming the reformed fuel. As the reform- 
ing reaction proceeding in the reformer 8B, various 
types of reactions can be selected. These reactions in- 
clude a steam reforming reaction, a partial oxidation re- 
action, and a combination of both. It is appropriate that 
a reforming catalyst be selected in accordance with the 
reforming reaction that is to proceed in the reformer 88. 
[0046] Reformed gas produced in the reformer 88 is 
supplied to the reformed gas flow channel in the hydro- 
gen extraction unit 1 0 via the reformed gas introduction 
holes 22 fonned In the end plates 20, which are compo- 
nents of the hydrogen extraction unit 10 as described 
above. Hydrogen is separated and extracted from this 
reformed gas. The extracted hydrogen is discharged 
from the purge gas flow channel In the hydrogen extrac- 
tion unit 1 0 and is supplied to the anode side of the fuel 
cell 90 as a fuel gas. Compressed air is supplied from 
the blower 92 to the cathode side of the fuel cell 90 as 
an oxidizing gas. The fuel gas and oxidizing gas are uti- 
lized to cause an electrochemical reaction in the fuel cell 
90 and generate an electromotive force. 
[0047] Although Fig. 7 shows the main components 
of the fuel cell system, various types of reformed fuels 
can be selected as described above. It is appropriate 
that the construction of the fuel cell system 80 be 
changed in accordance with the type of reformed fuel to 
be used. For example, in the case where the reformed 
fuel to be used contains sulfur contents, it is appropriate 
that a desulfurizer be installed prior to the installation of 
the evaporation/mixture portion 86 so as to desulfurize 
the reformed gas. It is also appropriate that an additional 
unit for reducing the concentration of carbon monoxide 
contained in reformed gas be installed between the re- 
former 88 and the hydrogen extraction unit 10. For ex- 
ample, a shift portion equipped with a shift catalyst for 
promoting a shift reaction in which carbon dioxide and 
hydrogen are produced from carbon monoxide and wa- 



25 



30 



35 



40 



45 



50 



8 



15 



EP 1 279 431 A1 



# 



ter vapors, a CO selective oxidation portion equipped 
with a CO selective oxidation catalyst for promoting a 
carbon monoxide selective oxidation reaction in which 
carbon monoxide contained in reformed gas is oxidized 
6y priority, or the like can be employed as the unit for 
reducing the concentration of carbon monoxide con- 
tained in reformed gas. 

[0048] According to the fuel cell system 80 construct- 
ed as described above, hydrogen is extracted from re- 
formed gas produced by the reformer 88 in the hydrogen 
extraction unit 10, and is supplied to the fuel cell 90 as 
a fuel gas. Accordingly, fuel gas containing extremely 
low concentrations of impurities such as carbon monox- 
ide can be supplied to the fuel cell 90, and the power 
generation performance in the fuel cell 90 can be main- 
tained stably. As described above, the hydrogen extrac- 
tion unit 1 0 can be constructed compactly while the hy- 
drogen separation films contributing to the extraction of 
hydrogen from reformed gas are guaranteed to have 
sufficient areas. As a result, the fuel cell system 80 can 
be made more compact as a whole, 
[0049] iri the embodiment described above, purge 
gas is used in extracting hydrogen with a view to en- 
hancing the hydrogen extraction efficiency. In the hydro- 
gen extraction unit 1 0 installed in the fuel cell system 
80, it is appropriate that a gas that does not cause any 
inconvenience to an electrochemical reaction when be- 
ing supplied to the fuel cell 90 be selected as purge gas. 
For example, it is also appropriate that water be gasified 
into vapors by means of an evaporator of a predeter- 
mined type and that the vapors be supplied to the purge 
gas flow channel as purge gas. Alternatively, it is also 
possible to adopt a construction wherein gases dis- 
charged from various members constituting the fuel cell 
system 80 are used as purge gas. For example, anode 
off gas that is discharged from the anode side of the fuel 
cell 90 after being used for an electrochemical reaction 
can be used as purge gas. And, cathode off gas that is 
discharged from the cathode side of the fuel cell 90 after 
being used for an electrochemical reaction can be also 
used as purge gas. Alternatively, it is also appropriate 
that gas obtained by further reducing the concentration 
of carbon monoxide contained in the residual reformed 
gas that is discharged from the hydrogen extraction unit 
1 0 after the extraction of hydrogen in the hydrogen ex- 
traction unit 10 be used as purge gas. 
[0050] 11 is also appropriate that a purge gas having 
a much lower concentration of hydrogen than the hydro- 
gen-containing gas be supplied to the hydrogen flow 
channels. 

E. Construction of Hydrogen Extraction Unit 110 
according to Second Embodiment of the Invention: 

[0051] Fig. 8 is an explanatory view of the construc- 
tion of the hydrogen extraction unit 110 according to the 
second embodiment of the invention. As in the case of 
the hydrogen extraction unit 10 of the first embodiment, 



the hydrogen extraction unit 110 of the second embod- 
iment is constructed by laminating jrietal plate members 
of a substantially identical rectangular shape. The hy- 
drogen extraction unit 110 has the same external ap- 

5 pearance as the hydrogen extraction unit 10 shown In 
Fig. 1 . As is the case with Fig. 2, Fig. 8 is an exploded 
perspective view of some of the plate members consti- 
tuting the hydrogen extraction unit 1 1 0, that is, six of the 
plate members disposed in one end portion of the hy- 

10 drogen extraction unit 1 1 0. As described above, the flow 
channels which are formed parallel to the hydrogen sep- 
aration plates 40 in a layered manner and through which 
reformed gas or purge gas flows are sequentially con- 
nected in series in the hydrogen extraction unit 1 0 of the 

'5 first embodiment. On the other hand, flow channels 
which are formed parallel to hydrogen separation plates 
40 in a layered manner and through which reformed gas 
or purge gas flows are connected In parallel In the hy- 
drogen extraction unit 110 of the second embodiment. 

20 [0052] The hydrogen extraction unit 110 has the end 
plates 20, the reformed gas flow channel plates 30, re- 
formed gas flow channel plates 170, hydrogen separa- 
tion plates 140, 160, and purge gas flow channel plates 
1 50. These plates are made of the same metal material 

25 as in the case of the hydrogen extraction unit 10 of the 
first embodiment. Hole portions of predetermined 
shapes are formed in each of the plates at predeter- 
mined positions thereof. These hole portions are formed 
by etching as in the case of the first embodiment. 

30 [0053] The end plates 20 and the reformed gas flow 
channel plates 30 assume the same shape as those of 
the first embodiment. As In the case of the hydrogen ex- 
traction unit 1 0, the hydrogen extraction unit 1 1 0 adopts 
an arrangement In which two hydrogen separation 

35 plates and one purge gas flow channel plate are inter- 
posed between two adjacent ones of reformed gas flow 
channel plates. Apart from the reformed gas flow chan- 
nel plates 30 each of which is disposed adjacent to a 
corresponding one of the end plates 20, the reformed 

40 gas flow channel plates 170 are employed as the re- 
formed gas flow channel plates. Each of the reformed 
gas flow channel plates 170 has a reformed gas flow 
channel hole 172 and a purge gas passage hole 174. 
The reformed gas flow channel hole 172 is the same as 

45 the reformed gas flow channel hole 32 formed In each 
of the reformed gas flow channel plates 30. The purge 
gas passage hole 1 74 is the same as the purge gas pas- 
sage hole 34. In addition, each of the reformed gas flow 
channel plates 170 has a purge gas passage hole 175. 

50 The reformed gas flow channel hole 172 is located be- 
tween the purge gas passage holes 1 74, 1 75, which are 
opposed to each other, 

[0054] As in the case of the hydrogen extraction unit 
10, the hydrogen extraction unit 110 adopts an arrange- 

55 ment In which a reformed gas flow channel plate or a 
purge gas flow channel plate is interposed between two 
adjacent ones of hydrogen separation plates. Apart from 
the hydrogen separation plates 140 each of which is dis- 
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posed closest to a corresponding one of the end plates 
20, the hydrogen separation plates 160 are employed 
as the hydrogen separation plates. As in the case of the 
gas passage holes 44, 46 formed in each of the hydro- 
gen separation plates 40, each of the hydrogen separa- 5 
lion plates 140 has gas passage holes 144, 146. A gas 
passage hole 1 42 is also formed in each of the hydrogen 
separation plates 140 along still another side thereof. 
Each of the hydrogen separation plates 160 has gas 
passage holes 162, 164, 166, and 168, each of which io 
is formed along a corresponding one of four sides of that 
hydrogen separation plate 160. 

[0055] As in the case of the hydrogen extraction unit 
10, the hydrogen extraction unit 11 0 adopts an arrange- 
ment in which two hydrogen separation plates and one '5 
refonned gas flow channel plate are interposed between 
two adjacent ones of the purge gas flow channel plates 
150. Each of the purge gas flow channel plates 150 has 
a purge gas flow channel hole 154 and a reformed gas 
passage hole 1 56. The purge gas flow channel hole 1 54 20 
is the same as the purge gas flow channel hole 54 
formed In each of the purge gas flow channel plates 50. 
The reformed gas passage hole 1 56 is the same as the 
refonned gas passage hole 56. In addition, each of the 
purge gas flow channel plates 150 has a reformed gas 25 
passage hole 1 52. The purge gas flow channel hole 1 54 
is located between the refomied gas passage holes 
152, 156, which are opposed to each otiier. 
[0056] In the hydrogen extraction unit 1 1 0 constructed 
by laminating these plate members, reformed gas Intro- 30 
duced into the hydrogen extraction unit 110 through the 
refonned gas introduction hole 22 flows parallel to the 
direction of lamination of the plate members through 
flow channels constituted by the reformed gas flow 
channel hole 32, the gas passage hole 142, the re- 35 
formed gas passage hole 152. the gas passage hole 
162, and the reformed gas flow channel hole 172, Re- 
formed gas also flows perpendicularly to the direction of 
lamination of the plate members through flow channels 
which branch off from the flow channels extending par- 
allel to the direction of lamination and which are consti- 
tuted by the reformed gas flow channel hole 32 and the 
reformed gas flow channel hole 172. This reformed gas 
is used for the operation of extracting hydrogen. The re- 
maining gas that has not been used for the extraction of 
hydrogen flows from the flow channels extending per- 
pendicularly to the direction of lamination into flow chan- 
nels constituted by the reformed gas flow channel hole 
32, the gas passage hole 146, the reformed gas pas- 
sage hole 156, the gas passage hole 166, and the re- so 
formed gas flow channel hole 172. This gas flows par- 
allel to the direction of lamination of the plate members 
and rs discharged to the outside. 
[0057] By the same token, purge gas introduced into 
the hydrogen extraction unit 1 1 0 through the purge gas 55 
Introduction hole 24 flows parallel to the direction of lam- 
ination of the plate members through flow channels con- 
stituted by the purge gas passage hole 34. the gas pas- 



sage hole 144, the purge gas flow channel hole 154, the 
gas passage hole 1 64, and the purge gas passage hole 

174. Purge gas also flows perpendicularly to the direc- 
tion of lamination of the plate members through flow 
channels which branch off from the flow channels ex- 
tending parallel to the direction of lamination and each 
of which is constituted by the purge gas flow channel 
hole 1 54. This purge gas is mixed with the extracted hy- 
drogen. The purge gas that has been mixed with hydro- 
gen flows from the flow channels extending perpendic- 
ularly to the direction of lamination Into flow channels 
constituted by the purge gas flow channel hole 154, the 
gas passage hole 1 68, and the purge gas passage hole 

1 75. This purge gas flows parallel to the direction of lam- 
ination of the plate members and is discharged to the 
outside. 

[0058] In assembling the hydrogen extraction unit 

110, the plate members are oriented in predetermined 
directions and laminated in a predetermined sequence 
such that the aforementioned flow channels are formed 
inside the hydrogen extraction unit 110. Two adjacent 
ones of the plate members are eacti bonded together 
by diffusion bonding. Thus, the plate members are inte- 
grated as a whole. Pipe lines through which reformed 
gas and purge gas is supplied to or discharged from the 
hydrogen extraction unit 110 are connected to the plate 
members, whereby the hydrogen extraction unit 110 is 
completed. 

[0059] The hydrogen extraction unit 110 thus con- 
structed according to the second embodiment can sub- 
stantially achieve the same effect as the hydrogen ex- 
traction unit 1 0 of the first embodiment. That is, the unit 
can be made compact as a whole by laminating the thin 
metal plate members and bonding them together by dif- 
fusion bonding. The hydrogen extraction efficiency can 
be enhanced by reducing the cross-sectional areas of 
the gas flow channels and thus increasing the flow ve- 
locity of gas. Further, the manufacturing steps can be 
simplified by forming the hole portions by etching and 
Integrating the plate members into a single body by dif- 
fusion bonding. Furthermore, the effect of reducing the 
thermal capacity of the hydrogen extraction unit 1 1 0 can 
be achieved by making the unit compact. Because the 
flow channels through which gas is supplied to or dis- 
charged from the flow channels disposed contiguous to 
the hydrogen separation films are constituted by the 
hole portions formed in the plate members, the unit can 
be made more compact as a whole. As in the case of 
the first embodiment, the hydrogen extraction unit 110 
of this embodiment can be applied to a system making 
use of hydrogen, for example, to the fuel cell system 80. 
[0060] By adopting such a construction. It becomes 
unnecessary to provide any special structure for con- 
necting the hydrogen-containing gas flow channels to 
the flow channels for distributing the hydrogen-contain- 
ing gas or any special structure for connecting the hy- 
drogen flow channels to the flow channels into which the 
hydrogen that has flown past the hydrogen flow chan- 
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nels flows. Thus, the manufacturing steps can be sim- 
plified, and the shape of the hydrogen extraction unit 
can be inhibited from becoming complicated. 

R Construction of Hydrogen Extraction Unit 210 5 
according to Third Embodiment of the Invention: 

[0061] Fig. 9 is an explanatory view of the manufac- 
turing steps of the hydrogen extraction unit 210 accord- 
ing to the third embodiment of the Invention. As in the 
cases of the aforementioned embodiments, the hydro- 
gen extraction unit 210 of the third embodiment is man- 
ufactured by laminating rectangular metal plate mem- 
bers that are substantially identical in shape. The hydro- 
gen extraction unit 210 has end plates 220, reformed 
gas flow channel plates 230, hydrogen separation 
plates 240: and purge gas flow channel plates 250. 
These plates ^are made of the same metal material as 
in the aforementioned embodiments. Hole portions of 
predetermined shapes are formed in the reformed gas 
flow channel plates 230 at predetermined positions 
thereof. These hole portions are formed by etching as 
in the case of the first embodiment. 
[0062] The end plates 220 are thin plate members 
having no hole portions. Each of reformed gas flow 
channel holes 232, which are long oblong Hole portions, 
is formed in a corresponding one of the reformed gas 
flow channel plates 230 in a central portion thereof. As 
in the case of the hydrogen extraction unit 10, the hy- 
drogen extraction unit 210 adopts an arrangement in 
which two hydrogen separation plates and one purge 
gas flow channel plate are interposed between two ad- 
jacent ones of the reformed gas flow channel plates 230. 
[0063] The hydrogen separation plates 240 are thin 
plate members having no hole portions. As in the case 
of the hydrogen extraction unit 10, the hydrogen extrac- 
tion unit 21 0 adopts an arrangement in which a refomned 
gas flow channel plate or a purge gas flow channel plate 
is interposed between two adjacent ones of the hydro- 
gen separation plates 240. 

[0064] Each of purge gas flow channel holes 252, 
which are wide oblong hole portions, is formed in a cor- 
responding one of the purge gas flow channel plates 250 
in a central portion thereof. As in the case of the hydro- 
gen extraction unit 10, the hydrogen extraction unit 210 
adopts an arrangement In which two hydrogen separa- 
tion plates and one reformed gas flow channel plate are 
interposed between two adjacent ones of the purge gas 
flow channel plates 250. 

[0065] In assembling the hydrogen extraction unit 
210, the aforementioned plate members are laminated 
in a predetermined sequence. Two adjacent ones of the 
plate members are each bonded together by diffusion 
bonding, whereby the plate members are integrated into 
a single body as a whole. In this state, the reformed gas 
flow channel plates 230 and the purge gas flow channel 
plates 250 are oriented such that the longitudinal direc- 
tion of the reformed gas flow channel holes 232 and the 



longitudinal direction of the purge gas flow channel 
holes 252 cross at right angles. In this embodiment, after 
the aforementionedt>late mennbers have been laminat- 
ed and integrated by diffusion bonding into a laminated 
body, the laminated body is then cut along broken lines 
shown in Fig. 9. 

[0066] Figs. 10 and 11 are explanatory views of how 
to cut the laminated body, represented in the form of a 
plan view of the reformed gas flow channel plate 230 
and a plan view of the purge gas flow channel plate 250 
respectively. Fig. 1 2 is an explanatory view of a laminat- 
ed body 285 that has been cut along the aforementioned 
broken lines. Reformed gas flow channels or purge gas 
flow channels are. opened in four sides of the laminated 
body 285 that has been cut along the aforementioned 
broken lines. 

[0067] In this embodiment, the integrated body 285 
shown In Fig. 12 is accommodated in a casing 280 (see 
Fig. 13), whereby the hydrogen extraction unit 210 is 
completed. Fig. 13 shows the external appearance of 
the hydrogen extraction unit 210 having the integrated 
body 285 accommodated in the casing 280. The casing 
280 is provided with four manifolds corresponding to the 
four sides of the integrated body 285 In which the re- 
formed gas flow channels or the purge gas flow chan- 
nels are opened. A front face of the casing 280 shown 
in Fig. 13 has a manifold 292 for supplying purge gas. 
A left side face of the casing 280 has a manifold 294 for 
supplying reformed gas. A right side face of the casing 
280 has a manifold 296 for discharging the residual re- 
formed gas from which hydrogen has been separated. 
A back face of the casing 280, which is invisible in Fig. 
13, has a manifold for discharging hydrogen that has 
been extracted together with purge gas. 
[0068] A space between the laminated body 285 and 
the casing 280 for accommodating the laminated body 
285 is sealed so as to prevent gases that have been 
supplied or discharged from being mixed with each oth- 
er. That is, predetemnined seal members for ensuring 
airtightness are disposed in regions of contact between 
upper and lower faces of the laminated body 285 and 
an inner wall of the casing and in regions of contact be- 
tween corner portions of the sides of the laminated body 
285 and the inner wall of the casing. By supplying or 
discharging predetermined gases through the afore- 
mentioned manifolds in such a sealed structure. It be- 
comes possible to separate hydrogen from reformed 
gas without allowing the gases to be mixed with each 
other inside the uniW 

[0069] The hydrogen extraction unit 210 constructed 
as described above according to the third embodiment 

can substantially achieve the same effect as the hydro- 
gen extraction unit 10 of the first embodiment. That is, 
the unit can be made compact as a whole by laminating 
the thin metal plate members and bonding them togeth- 
er by diffusion bonding. The hydrogen extraction effi- 
ciency can be enhanced by reducing the cross-sectional 
areas of the gas flow channels and thus increasing the 
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flow velocity of gas. Further, the manufacturing steps 
can be simplified by forming the hole portions by etching 
and integrating the plate members into a single body by 
diffusion bonding. Furthermore, the effect of reducing 
the thermal capacity of the hydrogen extraction unit 210 5 
can be achieved by making the unit compact. As in the 
case of the first embodiment, the hydrogen extraction 
unit 210 of this embodiment can be applied to a system 
making use of hydrogen, for example, to the fuel cell 
system 80. Also, since the hydrogen extraction unit 21 0 io 
of this embodiment has the casing 280 in which the lam- 
inated body 285 formed by laminating the plate mem- 
bers is accommodated, the pipe line structures for re- 
formed gas and purge gas can be simplified. 

15 

G: Modification Examples: * 

[0070] The invention Is not limited to the aforemen- 
tioned embodiments or the modes of Implementation 
and can be implemented in various manners without de- 20 
parting from the spirit thereof. For Instance, the following 
modifications are possible as well. 

G1. Modification Example 1: 

25 

[0071 ] Although the metal plate members are bonded 
together by diffusion bonding in the aforementioned em- 
bodiments, they may also be bonded together by braz- 
ing. As in the case of diffusion bonding, brazing is also 
a bonding method free from fusion of base materials. 30 
Accordingly, the base materials, namely, the reformed 
gas flow channel plates, the purge gas flow channel 
plates, and the hydrogen separation plates need not be 
increased in thickness so as to be bonded together. By 
disposing sufficiently thin solder among the base mate- 35 
rials, it becomes possible to make the hydrogen extrac- 
tion unit compact as a whole. 

[0072] By performing at least one of etching, electric 
discharge machining, laser machining, and electro- 
chemical machining, it becomes unnecessary to per- 40 
form complicated machining. As a result, the hydrogen 
extraction unit can be manufactured easily, and the 
manufacturing steps can be simplified. 

G2. Modification Example 2: 45 

[0073] Although the hole portions formed in the metal 
plate members are formed by etching In the aforemen- 
tioned embodiments, they may also be formed by elec- 
tric discharge machining (e.g., wire cut), laser machin- so 
ing, or press working. As long as the hole portions can 
be processed with acceptable precision, any method 
can be adopted. 

G3. Modification Example 3: 55 

[0074] Although the hydrogen separation plates are 
formed of self-supported films made of metal foil having 



the function of separating hydrogen, it is also appropri- 
ate that the hydrogen separation plates be constructed 
by forming a metal having the function of separating hy- 
drogen (hereinafter referred to as the hydrogen separa- 
tion metal) on thin porous base materials. By forming 
the hydrogen separation metal on the metal porous 
base materials, it becomes possible to enhance the ri- 
gidity of the hydrogen separation plates. In such a case 
as well, the effect of making the unit compact can be 
achieved by bonding the thin metal plate members to- 
gether by a bonding method free from fusion of the base 
materials. 

[0075] It is to be noted herein that various methods 
can be adopted as a method of forming the hydrogen 
separation metal on the porous base materials. For ex- 
ample, it is appropriate that the surfaces of the porous 
base materials be coated with the hydrogen separation 
metal by means of plating, chemical vapor deposition 
(CVD), physical vapor deposition (PVD), or the like. 
Alternatively, it is also appropriate that the hydrogen 
separation metal be carried by pores of the porous base 
materials. For example, an impregnation carrying meth- 
od in which porous base materials are dipped in a solu- 
tion containing a hydrogen separation metal can be 
adopted as a method of carrying the hydrogen separa- 
tion metal. 

[0076] In the case where hydrogen separation plates 
having a hydrogen separation metal formed on porous 
metal base materials are employed, if diffusion bonding 
is performed as in the case of the aforementioned em- 
bodiments, the porous base materials are crushed due 
to application of loads at the time of bonding, whereby 
it becomes possible to achieve sufficient sealing per- 
formance in the sides of a laminated body. Alternatively, 
in order to ensure sealing performance in the peripheral 
regions of the porous base materials, it is also appropri- 
ate that those peripheral regions be coated with a metal 
substantially having no function of separating hydrogen. 

G4. Modification Example 4: 

[0077] Although the gas flow channels contiguous to 
the hydrogen separation films are constituted by the 
hole portions (the gas flow channel holes) formed In the 
reformed gas flow channel plates and the purge gas flow 
channel plates In the aforementioned embodiments, the 
structure for forming the gas flow channels (the gas flow 
channel constituting portion) can be constructed differ- 
ently. Instead of forming the hole portions in the afore- 
mentioned gas flow channel plates, It is also appropriate 
that a predetermined convexo-concave structure be 
formed on the surface of each of the gas flow channel 
plates and that a gas flow channel be formed between 
the convexo-concave structure and a corresponding 
one of the hydrogen separation films. In such a case as 
well, desired convexo-concave structures can be 
formed on the metal plates by etching with high preci- 
sion. 
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G5. Modification Example 5: 

[0078] In the hydrogen extraction unit 1 0 shown in Fig. 
2, reformed gas and purge gas are introduced Into the 
hydrogen extraction unit from the same end portion. 
However, it is also preferable to adopt a construction in 
which reformed gas and purge gas are introduced from 
oppiosed end portions of the hydrogen extraction unit. 
In the hydrogen extraction unit, since hydrogen is ex- 
tracted in each of the reformed gas flow channels, the 
concentration of hydrogen Is reduced in proportion to a 
decrease in the distance from a downstream end there- 
of. Further, since hydrogen is extracted In each of the 
purge gas flow channels, the concentration of hydrogen 
is Increased In proportion to a decrease in the distance 
from a downstream end thereof. The efficiency of ex- 
tracting hydrogen by means of the hydrogen separation 
films is increased in proportion to an Increase In the dif- 
ference between the concenlrattons of hydrogen con- 
tained in reformed gas and purge gas. Thus, if reformed 
gas and purge gas are introduced from opposed end 
portions of the hydrogen extraction unit, the hydrogen 
extraction unit is guaranteed to have a certain difference 
between the concentrations of hydrogen contained in 
reformed gas and purge gas. As a result, the hydrogen 
extraction efficiency of the hydrogen extraction unit can 
be enhanced as a whole. 

G6. Modification Example 6: 

{0079] Although purge gas flows through the gas flow 

channels opposed to the reformed gas flow channels 
across the hydrogen separation films in the aforemen- 
tioned embodiments, it is also possible to adopt a con- 
struction in which purge gas Is not used. Even if purge 
gas is not caused to flow positively, It is possible to ex- 
tract hydrogen from reformed gas in accordance with a 
difference between the concentrations of hydrogen con- 
tained In the How channels disposed on the opposed 
sides of each of the hydrogen separation films, and to 
recover the hydrogen. 

G7. Modification Example 7: 

[0080] Further, It is also possible to adopt a construc- 
tion wherein porous bodies are disposed in the reformed 
gas flow channels constituted by the reformed gas flow 
channel plates, wherein refomning catalysts are carried 
on the porous bodies, and wherein a reforming reaction 
is caused to proceed in the reformed gas flow channels. 
That is, it is also possible to form the hydrogen extraction 
unit and the reformer Integrally. It is also appropriate that 
a catalyst designed to reduce the concentration of car- 
bon monoxide, such as the shift catalyst or the CO se- 
lective oxidation catalyst mentioned above, be carried 
by the hydrogen extraction unit. In such a case as well, 
the effect of making the entire unit thinner can be 
achieved by bonding the thin metal plate members hav- 



ing the porous bodies disposed in the hole portions to- 
gether by a bonding method free from fusion of the base 
materials. 

5 G8. Modification Example 8: 

[0081] In the foregoing description, the hydrogen ex- 
traction unit is designed to extract hydrogen from re- 
formed gas. However, it Is also appropriate that the hy- 

10 drogen extraction unit of the invention be used to extract 
hydrogen from a hydrogen-containing gas other than re- 
formed gas. Further, It is also appropriate that hydrogen 
to be extracted from a hydrogen-containing gas by 
means of hydrogen separation films and discharged 

15 from the hydrogen extraction unit be supplied to a hy- 
drogen consumption unit other than a fuel cell. Alterna- 
tively, it is also appr(ypriate that hydrogen be stored tem- 
porarily instead of being supplied to such a hydrogen 
consumption unit directly. 

20 

G9. Modification Example 9: 

[0082] It is appropriate that either a group five metal 
or a group five metal alloy be used as the porous base 
25 materials of the hydrogen separation members of the 
hydrogen extraction unit. Group five metals or their al- 
loys are highly pervious to hydrogen and thus make it 
possible to extract hydrogen effectively. 
[0083] It is to be noted herein that the invention can 
30 be implemented In a variety of other manners. For ex- 
ample, the invention can be implemented as a method 
of manufacturing the hydrogen extraction unit or a fuel 
cell system equipped with the hydrogen extraction unit. 
The fuel cell system of the invention Is equipped with a 
35 fuel cell that is supplied with a gas containing hydrogen 
and a gas containing oxygen and that gains an electro- 
motive force through an electrochemical reaction in 
which the gases are used. The gist of the invention is 
that the fuel cell system Is equipped with the hydrogen 
40 extraction unit constructed as described above and 
makes use of hydrogen extracted by the hydrogen ex- 
traction unit for the electrochemical reaction. The fuel 
cell system constructed as described above according 
to the invention is equipped with the hydrogen extraction 
45 unit of the invention and thus can be made more com- 
pact as a whole. 

[0084] Another mode of implementing the invention 
will now be described on the basis of a fourth embodi- 
ment of the invention in the following sequence. 

so 

A. System Construction: 

B. Construction of Hydrogen Extraction Unit: 

C. Detailed Structure of Hydrogen Separation 
Plates: 

55 D. Detailed Structure of Flow Channel Plates: 

E. Detailed Structure of End Plates: 

F. Method of Manufacturing Hydrogen Extraction 
Unit 
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G. Modification Examples: 

A. System Construction: 

[0085] Fig. 14 is an explanatory view of the overall 
construction of a fuel cell system employing a hydrogen 
extraction unit according to the embodiment of the In- 
vention. A fuel cell system 380 generates powerthrough 
an electrochemical reaction of hydrogen and oxygen 
that are supplied to a fuel cell 390. Compressed air sup- 
plied from a blower 392 is used as oxygen. Hydrogen Is 
produced by reforming a raw material by means of a 
mechanism described below. Various hydrocarbonic fu- 
els capable of producing hydrogen by a reforming reac- 
tion, including liquid hydrocarbons such as gasoline, al- 
cohols such as methanol, aldehyde groups, and natural 
gas, can be selected as the raw material. 
[0086] A raw material tank 382. a water tank 384, an 
evaporalion/mixlure portion 386, and a reformer388 are 
identical to the raw material tank 82, the water tank 84, 
the evaporation/mixture portion 86, and the reformer 88 
of the first embodiment respectively and thus will not be 
described below in any further detail. 
[0087] The hydrogen extraction unit 310 is supplied 
with reformed gas, from which hydrogen is then sepa- 
rated. The hydrogen extraction unit 31 0 is also supplied 
with purge gas for promoting the separation of hydro- 
gen. In this embodiment, water vapor is used as purge 
gas. Various gases such as inactive gas, off gas for the 
fuel cell 390, or the like can be used as purge gas. It is 
also possible to adopt a construction in which no purge 
gas is used. The hydrogen thus separated is supplied 
to the fuel cell 390. 

B. Construction of Hydrogen Extraction Unit: 

[0088] Fig. 15 is a perspective view of the hydrogen 
extraction unit 310. The hydrogen extraction unit 310 
has a laminated structure of a plurality of thin square 
plate members. Inlet ports for reformed gas and purge 
gas are formed at one end of the laminated structure, 
and outlet ports for refonned gas and purge gas are 
formed at the other end of the laminated structure. 
[0089] Fig. 16 is an exploded perspective view of part 
of the hydrogen extraction unit 31 0. Fig. 1 6 shows a por- 
tion corresponding to an "A" portion in Fig. 15. End 
plates 320 are disposed at opposed ends of the lami- 
nated structure. Each of the end plates 320 has a re- 
formed gas introduction hole 322 and a purge gas intro- 
duction hole 324. In a lamination below the end plate 
320 shown in Fig. 1 6, reformed gas flow channel plates 
330a, 330b, a purge gas flow channel plate 350, and 
hydrogen separation plates 340a, 340b are disposed al- 
ternately. 

[0090] Each of the reformed gas flow channel plates 

330a, 330b and the purge gas flow channel plate 350 is 
classified Into a first flow channel plate or a second flow 
channel plate depending on the type of gas flowing 



therethrough. The reformed gas flow channel plates 
330a, 330b, in the planes of which reformed gas flows, 
correspond to the first flow channel plates (the first flow 
channel members), and the purge gas flow channel 

5 plate 350, In the plane of which purge gas flows, corre- 
sponds to the second flow channel plate (the second 
flow channel member). Each of the hydrogen separation 
plates 340a, 340b is disposed in such a manner as to 
be interposed between a refomned gas flow channel 

10 plate and a purge gas flow channel plate. Each of the 
hydrogen separation plates 340a, 340b corresponds to 
the hydrogen separation member. The refonned gas 
flow channel plate and the purge gas flow channel plate 
are identical in shape but are oriented differently when 

15 being laminated. 

[0091] The reformed gas flow channel plate 330a has 
a flow channel hole 334 constituting an in-plane flow 
channel together with the hydrogen separation plates 
340a, 340b and longitudinal holes 332 for ensuring flow 

20 of reformed gas and purge gas in the direction of lami- 
nation. The same holds true for the other flow channel 
plates. 

[0092] The hydrogen separation plates 340a, 340b 
have the function of separating hydrogen from reformed 

25 gas. The hydrogen separation plate 340a has a hydro- 
gen separation portion 344, which is hatched as shown 
in Fig. 16. Hydrogen contained in reformed gas flowing 
above the hydrogen separation plate 340a shown in Fig. 
16 is separated In the hydrogen separation portion 344 

30 and absorbed into purge gas flowing below the hydro- 
gen separation plate 340a. The hydrogen separation 
plate 340a has longitudinal holes 342 for ensuring flow 
of reformed gas and purge gas in the direction of lami- 
nation respectively. The other hydrogen separation 

35 plates including the hydrogen separation plate 340b are 
constructed in the same manner. 
[0093] Each of the longitudinal holes 332 formed in 
the flow channel plate and a corresponding one of the 
longitudinal holes 342 formed in the hydrogen separa- 

40 tion plate are positioned and shaped in such a manner 
as to substantially coincide with each other in a laminat- 
ed state, in the laminated state, the longitudinal holes 
332, 342 constitute the flow channels through which re- 
formed gas and purge gas flow in the direction of lami- 

45 nation. As Indicated by arrows in Fig. 16, while flowing 
In the direction of lamination, reformed gas and purge 
gas branch off and flow through each of the flow channel 
plates as well in the in-plane direction. These gases are 
finally discharged from outlet ports of the other end 

50 plate, which is opposed to the end plate 320. 

[0094] In this embodiment, the end plates, the re- 
formed gas flow channels, the purge gas flow channel 
plates, and the hydrogen separation plates are bonded 
together by diffusion bonding. By adopting diffusion 

55 bonding, the step of bonding each of the plates can be 
made relatively simple. Heat resistance and corrosion 
resistance can be maintained among the plates easily 
and stably. 
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[0095] Each of the flow channel plates is bonded, al- 
most over its entire surface shown in Fig. 16. to another 
plate. Each of the hydrogen separation plates is bonded, 
in its region except the hydrogen separation portion 344 
shown in Fig. 16, to another plate. Each of these por- 5 
tions thus bonded to another plate will be referred to as 
a bonded portion irrespective of the type of a corre- 
sponding plate. 

C. Detailed Structure of Hydrogen Separation Plates: io 

[0096] The hydrogen separation plates are construct- 
ed of base materials made of vanadium, it is also pos- 
sible to use group five metals such as niobium and tan- 
talum or alloys of those metals instead of using vanadi- is 
um. The thickness of the hydrogen separation plates 
can be set suitably. However, in order to construct each 
of the hydrogen separation plates as a self-supported 
film capable of maintaining its shape to a certain extent 
as a single body, it is preferable that the thickness be 20 
set equal to or larger than 1 0 pm. On the other hand, If 
reducing the thickness to such an extent that sufficient 
perviousness to hydrogen can be ensured is taken into 
account, it is more preferable that the hydrogen sepa- 
ration plates be as thick as 20 to 40 fim. It is also appro- 25 
priate that a reinforcing member having a thickness of 
about 1 00 [xm be attached to the bonded portion of each 
of the hydrogen separation plates. 
[0097] The surfaces of the base materials of the hy- 
drogen separation portions are coated with a metal per- 3o 
vious to hydrogen, such as palladium or a palladium al- 
loy. The coating process in this case can be performed, 
for example, by chemical vapor deposition (CVD), phys- 
ical vapor deposition (PVD), or the like. 
[0098] In general, group five metals or their alloys are 35 
much higher in perviousness to hydrogen than palladi- 
um or the like, but can be oxidized easily. Therefore, 
they tend to lose perviousness to hydrogen because of 
oxide layers. In this embodiment, the surfaces of the 
base materials are coated with palladium or the like, 40 
whereby it becomes possible to realize high pervious- 
ness to hydrogen while inhibiting oxide layers from be- 
ing formed. Further, since the members exhibiting high 
perviousness to hydrogen are employed as the base 
materials, the hydrogen separation plates are guaran- ^5 
teed to have a certain thickness while sufficient pervi- 
ousness to hydrogen is ensured. As a result, an advan- 
tage of increased rigidity can also be achieved. 
[0099] Although the bonded portions of the hydrogen 
separation plates may be formed of the base materials, 
it is also appropriate that their surfaces be coated with 
a metal. For example, titanium, copper, aluminum, and 
the like can be selected as the metal. Titanium Is espe- 
cially desirable, because it is close in thermal expansion 
coefficient to group five metals or their alloys and can 55 
suppress thermal stress. By thus coating the bonded 
portions, these portions are advantageously prevented 
from being oxidized or subjected to hydrogen embrittle- 
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ment. 

D. Detailed Structure of Flow Channel Plates 

[0100] The flow channel plates are made of the same 
material as the hydrogen separation plates. In this em- 
bodiment, vanadium is used. By using the same male- 
rial as the hydrogen separation plates, it becomes pos- 
sible to perform diffusion bonding easily and stably. It Is 
also possible to use stainless or the like. 
[0101] As described above, the flow channel plates 
constitute the channels in the planes of which gas flows. 
The cross-sectional area of each of the flow channels 
depends on the thickness of a corresponding one of the 
flow plates. If a certain one of the flow channel plates is 
reduced in thickness, a corresponding one of the flow 
channels Is reduced in cross-sectional area. Hence, the 
pressure loss during flow of gas is increased. On the 
other hand, if the flow channel plates are made thin, the 
hydrogen extraction unit can be made compact. The 
thickness of each of the flow channel plates can be set 
suitably in consideration of both surfaces of that flow 
channel plate. For example, the thickness of each of the 
flow channel plates can be set as lOO^xm to 1mm, and 
preferably as 200 to 500 ^,m. 

[0102] Although the bonded portions of the flow chan- 
nel plates may be formed of the base materials, it is also 
appropriate that their surfaces be coated with a metal 
such as titanium, copper, or aluminum, as in the case of 
the hydrogen separation plates. In this case as well, It 
is preferable that the flow channel plates be coated with 
the same material as the hydrogen separation plates. 

E. Detailed Structure of End Plates: 

[0103] The end plates are made from the same ma- 
terial as the hydrogen separation plates. In this embod- 
iment, vanadium is used. By using the same material as 
the hydrogen separation plates, it becomes possible to 
perform diffusion bonding easily and stably. Aluminum 
is advantageous in that the unit can be made compact. 
To ensure sufficient rigidity, it is preferable that the end 
plates be as thick as about 1mm. 
[0104] Each of the end plates has a surface to be 
bonded to a corresponding one of the flow channel 
plates. Although this surface may be formed of the base 
material, it may also be coaled with a metal such as ti- 
tanium, copper, or aluminum. In this case as well, it is 
preferable that the end plates be coated with the same 
material as the flow channel plates. 
[0105] The pipe lines designed as the inlet and outlet 
ports for reformed gas and purge gas are bonded to 
each of the end plates. These pipe lines can be made 
of stainless or the like and can be bonded to the end 
plates by various bonding methods such as brazing or 
welding. 

[0106] In this embodiment, the end plates are made 
of vanadium in consideration of heat resistance, corro- 
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sion resistance, and ease with which the end plates are 
bonded lo the flow channel plates. However, it is also 
appropriate that the end plates be made of the same 
material as the pipe lines, for example, of stainless or 
the like, in consideration of ease with which the end 5 
plates are bonded to the pipe lines. In this case as well, 
the end plates and the flow channel plates can be bond- 
ed together by diffusion bonding. However, from the 
standpoint of stabilization and ease with which bonding 
is performed, it is preferable to adopt brazing. It is also io 
possible to adopt other bonding methods free from fu~ 
sion of the base materials. In the case where the end 
plates are made of stainless, it is preferable that the flow 
channel plates or the like be coated with a metal that is 
intermediate in thermal expansion coefficient between ?5 
stainless and group five metals or their alloys, such as 
palladium or titanium. Thus, the thermal stress between 
each of tlie end plates and a corresponding one of the 
flow channel plates can be weakened. 

20 

F. Method of Manufacturing Hydrogen Extraction Unit 

[0107] The hydrogen extraction unit 310 can be man- 
ufactured according to the following manufacturing 
steps. First of all, the plate members, namely, the end 55 
plates, the flow channel plates, and the hydrogen sep- 
aration plates are prepared. The holes shown in Fig. 16 
are formed in the plate members. For example, these 
holes can be formed by etching, electric discharge ma- 
chining (e.g., wire cut), laser machining, press work, or 30 
the like. The hydrogen separation portion of each of the 
hydrogen separation plates is coated with palladium or 
its alloy. 

[0108] The plate members are made of a material that 
can be oxidized easily, such as vanadium. Thus, It Is 35 
desirable that the aforementioned process be per- 
formed In an environment that does not cause oxidation, 
for example, under the atmosphere of inactive gas. As 
described above, it is desirable that the bonded portions 
be coated with titanium or the like. 40 
[0109] The plate members thus formed are oriented 
and laminated In the sequence shown in Fig. 16, heated, 
pressurized, and bonded together by diffusion bonding, 
In addition, the pipe lines designed as the inlet and outlet 
ports are connected to each of the end plates by brazing. 45 
[01 10] The hydrogen extraction unit 310 according to 
the aforementioned embodiment adopts a laminated 
structure of the thin plates, whereby it becomes possible 
to make the unit compact as a whole. Further, the per- 
viousness can be enhanced by making use of the hy- so 
drogen separation portions effectively. In this embodi- 
ment, while the bonded portions remain uncoated, the 
hydrogen separation portions are coated with palladium 
or the like. 

Therefore, this embodiment is also advantageous that 55 
the amount of use of a noble metal can be reduced. 
[0111] A group five metal or a group five metal alloy 
Is used as the base material of the hydrogen separation 



plates, and the surfaces of the hydrogen separation 
plates are coated with palladium or the like. Therefore, 
while suppressing formation of oxide films and ensuring 
high pervfousness to hydrogen, the hydrogen separa- 
tion plates can be formed as self-supported films. By 
forming the hydrogen separation plates as self-support- 
ed films, it becomes possible to achieve the advantage 
of making the manufacture of the unit relatively easy. 
Further, both the flow channel plates and the hydrogen 
separation plates are made of group five metals or their 
alloys, whereby it becomes possible to ensure a uniform 
thermal expansion coefficient of the unit as a whole. The 
advantage of making It possible to weaken thermal 
stress is also achieved. This construction also makes it 
possible to reduce the areas of the hydrogen separation 
members to be coated. Accordingly, the consumption of 
palladium as a noble metal can be suppressed, and the 
manufacturing cost can be reduced. Furthermore, the 
laminated structure composed of the base materials that 
are highly pervious to hydrogen is adopted. Therefore, 
the advantage of making it possible to make the hydro- 
gen separation members thick without causing a sub- 
stantial loss in the perviousness to hydrogen and to en- 
hance the rigidity of the hydrogen separation members 
is achieved as well. 

[0112] According to the invention, it is preferable that 
the first and second flow channel members and the hy- 
drogen separation members be bonded together by a 
bonding method free from fusion of the base materials, 
in the case where such a bonding method is adopted, 
there Is no need to set the thickness of each of the mem- 
bers on the premise that they will melt. Thus, the unit 
can be made thinner as a whole. For example, brazing 
or diffusion bonding can be adopted as such a bonding 
method. However, diffusion bonding is more preferable 
from the standpoint of ensuring heat resistance and cor- 
rosion resistance. 

[0113] According to the invention, while the flow chan- 
nel can be formed together with the first or second flow 
channel member at each of the opposed ends of the 
laminated structure, the end plate in which the supply 
port for reformed gas and the extraction port for hydro- 
gen are formed can be provided at each of the opposed 
ends of the laminated structure. The end plates and the 
flow channel members may be made of the same ma- 
terial or of different materials. If the end plates are made 
of the same material as the flow channel members, it is 
possible to bond each of the end plates to a correspond- 
ing one of the flow channel members easily and stably. 
In particular, great usefulness is achieved In the case 
where the end plates and the flow channel members are 
bonded together by diffusion bonding. If the end plates 
and the flow channel members are made of different ma- 
terials, it Is preferable that the end plates be made of 
the same material as the pipe lines connected to the 
supply port and the extraction port.. For example, a stain- 
less material can be used as such a material. 
[0114] It is to be noted herein that the invention can 
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be constructed in various manners not only as the afore- 
nrientioned hydrogen extraction unit but also as the 
method of manufacturing the hydrogen extraction unit 
or the fuel cell system or the like equipped with the hy- 
drogen extraction unit. 

H. Modification Examples: 

[0115] This embodiment adopts a construction in 
which refomned gas and purge gas flow crosswise as 
shown in Fig. 16. The shapes and positions of the flow 
channel holes and the longitudinal holes may be adjust- 
ed to realize counterflow of reformed gas and purge gas. 
By adopting this construction, it becomes possible to fur- 
ther enhance the efficiency of separating hydrogen. 
[0116] Although this embodiment Is an example in 
which reformed gas and purge gas flow through the in- 
plane flow channels In parallel, the flow channels can 
be constructed in various manners. For example, it is 
also appropriate that the flow channels be constructed 
such that reformed gas and purge gas flow In series. 
Such a construction can be realized easily, for example, 
by plugging up the longitudinal hole 342c or the like in 
Fig. 16. 

[01 1 7] The flow channels are not limited to the afore- 
mentioned exemplary ones but can be constructed in 
various manners. For example, as disclosed in Japa- 
nese Patent Application Laid-Open No. 6-345408, the 
invention may also be applied to a flow channel con- 
struction in which gases are supplied or discharged in 
a direction along surfaces of a laminated structure. 
[0118] Although the invention has been described 
hereinbefore on the basis of the various embodiments 
thereof, it is quite obvious that the invention Is not limited 
to the embodiments and can be constructed In various 
manners without departing from the spirit thereof. 
[0119] A hydrogen extraction unit (10) has reformed 
gas flow channel plates (30), hydrogen separation 
plates (40). and purge gas flow channel plates (50), 
which are designed as thin metal plate members. The 
hydrogen extraction unit (10) is constructed by laminat- 
ing these thin plate members and then bonding them 
together by diffusion bonding . Each of reformed gas flow 
channel holes (32) formed in the reformed gas flow 
channel plates (30) constitutes a flow channel for re- 
formed gas together with a correspondingly adjacent 
one of the hydrogen separation plates (40). Each of 
purge gas flow channel holes (54) formed in the purge 
gas flow channel plates (50) constitutes, together with 
a correspondingly adjacent one of the hydrogen sepa- 
ration plates (40), a flow channel for purge gas with 
which hydrogen extracted from reformed gas Is mixed. 



Claims 

1 . A hydrogen extraction unit (1 0) for extracting hydro- 
gen from a hydrogen-containing gas that contains 



hydrogen, characterized by comprising: 

a hydrogen separation member (40) designed 
as a thin metal plate member that is equipped 

5 with a hydrogen separation film that selectively 

allows penetration of hydrogen; 
a first flow channel member (30) disposed in a 
laminated manner, designed as a thin metal 
plate member, disposed ajJjacent to a first face 

^0 of the hydrogen separation member (40), bond- 

ed to the hydrogen separation member (40) by 
a bonding method free from fusion of a base 
material, and constituting, together with the hy- 
drogen separation member (40) adjacent to the 

'5 first flow channel member (30), a hydrogen- 

containing gas flow channel and through which 
the hydrogen-containing gas flows; and 
a second flow channel member (50) disposed 
in a laminated manner, designed as a thin metal 

^0 plate member, disposed adjacent to a second 

face of the hydrogen separation member (40), 
bonded to the hydrogen separation member 
(40) by a bonding method free from fusion of a 
base material, and constituting, together with 

25 the hydrogen separation member (40) adjacent 

to the second flow channel member (50), a hy- 
drogen flow channel and through which hydro- 
gen penetrating the hydrogen separation film 
and extracted from the hydrogen-containing 

30 gas flows. 

2. The hydrogen extraction unit (10) according to 
claim 1 , characterized in that 

the bonding method free from fusion of the 
35 base material is either diffusion bonding or brazing. 

3. The hydrogen extraction unit (10) according to 
claim 1 or 2, characterized in that 

the hydrogen separation member (40) is a 
40 metal foil that selectively allows penetration of hy- 
drogen. 

4. The hydrogen extraction unit (10) according to any 
one of claim 1 to 3, characterized In that 

45 the hydrogen separation member (40) Is com- 

prised of a base member designed as a porous 
body formed by a thin metal plate, and of a coat 
formed on opposed faces of the base member and 
selectively allowing penetration of hydrogen. 

50 

5. The hydrogen extraction unit (10) according to 
claim 4, characterized in that 

the base member is made of a group five met- 
al or a group five metal alloy. 

55 

6. The hydrogen extraction unit (10) according to 
claim 4 or 5, characterized in that 

the coat is made of one of palladium, a patla- 
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dium alloy, vanadium, niobium, and tantalum. 

7. The hydrogen extraction unit (10) according to any 
one of claim 4 to 6, characterized in that 

the coat is formed in a region other than por- 5 
tions to be bonded to the first flow channel member 
(30) and the second flow channel member (50). 

8. The hydrogen extraction unit (10) according to any 
one of claim 1 to 7, characterized in that w 

metals of which the first flow channel member 
(30) and the second flow channel member (50) are 
made are close in thermal expansion coefficient to 
the hydrogen separation member (40). 

15 

9. The hydrogen extraction unit (10) according to any 
one of claim 1 to 8. characterized in that 

the first flow channel member (30) and the 
second flow channel member (50) are made of a 
group five metal or a group five metal alloy. 20 

10. The hydrogen extraction unit (10) according to any 
one of claim 1 to 8, characterized in that 

the first flow channel member (30) and the 
second flow channel member (50) are made of 25 
stainless steel. 

11. The hydrogen extraction unit (10) according to any 
one of claim 1 to 10, characterized in that 

the first flow channel member (30) has a first 30 
gas flow channel hole portion (32) which constitutes 
the hydrogen-containing gas flow channel; and 

an inner wall surface of the hydrogen-contain- 
ing gas flow channel is comprised of an inner face 
of the first gas flow channel hole portion (32) of the 35 
first flow channel member (30), and of hydrogen 
separation films of two hydrogen separation film 
members between which opposed faces of the first 
flow channel member (30) are sandwiched. 

40 

12. The hydrogen extraction unit (10) according to 
claim 11 , characterized in that 

the first gas flow channel hole portion (32) Is 
formed by at least one of etching, electric discharge 
machining, laser machining, and electrochemical 
machining. 

13. The hydrogen extraction unit (10) according to any 
one of claim 1 to 12, characterized in that 

the second flow channel member (50) has a so 
second gas flow channel hole portion (54) which 
constitutes the hydrogen flow channel, 

an inner wall surface of the hydrogen flow 
channel is comprised of an inner face of the second 
gas flow channel hole portion (54) of the second 55 
flow channel member (50), and of hydrogen sepa- 
ration films of two hydrogen separation film mem- 
bers between which opposed faces of the second 



flow channel member (50) are sandwiched. 

14. The hydrogen extraction unit (10) according to 
claim 13, characterized in that 

the second gas flow channel hole portion (54) 
is formed by at least one of etching, electric dis- 
charge machining, laser machining, and electro- 
chemical machining. 

15. The hydrogen extraction unit (10) according to any 
one of claim 1 to 14, characterized in that 

the hydrogen separation member (40) has 
first hole portion and second hole portion, 

the first hole portion communicates with the 
hydrogen-containing gas flow channel formed on 
the side of the first face of the hydrogen separation 
member (40), 

the second hole portion communicates with 
the hydrogen flow channel formed on the side of the 
second face of the hydrogen separation member 
(40). 

the first flow channel member (30) constitut- 
ing the hydrogen-containing gas flow channel to- 
gether with the hydrogen separation member (40) 
has a third hole portion formed at a position corre- 
sponding to the second hole portion of the hydrogen 
separation member (40) adjacent to the first flow 
channel member (30), 

the second flow channel member (50) consti- 
tuting the hydrogen flow channel together with the. 
hydrogen separation member (40) has a fourth hole 
portion formed at a position corresponding to the 
first hole portion of the hydrogen separation mem- 
ber (40) adjacent to the second flow channel mem- 
ber (50), 

the first hole portion of the hydrogen separa- 
tion member (40) and the fourth hole portion of the 
second flow channel member (50) constitute, in the 
hydrogen extraction unit (10) as a whole, a flow 
channel through which the hydrogen-containing 
gas is Introduced in a direction of lamination of the 
flow channel member via the hydrogen-containing 
gas flow channel, and 

the second hole portion of the hydrogen sep- 
aration member (40) and the third hole portion of 
the first flow channel member (30) constitute, In the 
hydrogen extraction unit (10) as a whole, a flow 
channel through which the hydrogen Is introduced 
in the direction of lamination of the flow channel 
member via the hydrogen flow channel. 

16. The hydrogen extraction unit (10) according to 
claim 15, characterized in that 

the hydrogen-containing gas flow channel 
formed of the first flow channel member (30) Is con- 
stituted by a first gas flow channel hole portion (32) 
almost extending from one end to the other op- 
posed end of the first flow channel member (30), 
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the hydrogen flow channel formed of the sec- 
ond flow channel member (50) is constituted by the 
second gas flow channel hole portion (54) almost 
extending from one end to the other opposed end 
of the second flow channel member (50), 5 

one end portion of the first gas flow channel 
hole portion (32) communicates with the first hole 
portion formed in the hydrogen separation member 
(40) adjacent to one face of the first flow channel 
member (30), io 

the other end portion of the first gas flow chan- 
nel hole portion (32) communicates with the first 
hole portion formed in the hydrogen separation 
member (40) adjacent to the other face of the first 
flow channel member (30), i5 

one end portion of the second gas flow chan- 
nel hole portion (54) communicates with the second 
hole portion formed in the hydrogen separation 
member (40) adjacent to one face of the second 
flow channel member (50), and 20 

the other end portion of the second gas flow 
channel hole portion (54) communicates with the 
second hole portion formed in the hydrogen sepa- 
ration member (40) adjacent to the other face of the 
second flow channel member (50). 25 

17- The hydrogen extraction unit (10) according to any 
one of claim 1 to 16, characterized in that 

the hydrogen flow channel is supplied with a 
purge gas having a lower concentration of hydrogen 30 
than the hydrogen-containing gas. 

18. The hydrogen extraction unit (10) according to 
claim 17, characterized in that 

the purge gas is one of water vapor, anode off 35 
gas, cathode off gas, and a gas obtained by remov- 
ing carbon monoxide from the remaining reformed 
gas. 

19. A method of manufacturing a hydrogen extraction 
unit (1 0) for extracting hydrogen from a hydrogen- 
containing gas that contains hydrogen, comprising 
the steps of: 

(a) preparing a hydrogen separation member ^5 
(40) designed as a thin metal plate member 
equipped with a hydrogen separation film that 
selectively allows penetration of hydrogen; 

(b) preparing a flow channel member designed 

as a thin metal plate member and equipped with so 
a flow channel constituting portion for constitut- 
ing a gas flow channel between itself and the 
hydrogen separation member (40) that is adja- 
cent to the flow channel member when the hy- 
drogen extraction unit (10) has been assem- 55 
bled; 

(c) laminating a plurality of members including 
the hydrogen separation member (40) and the 
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flow channel member in a predetermined se- 
quence; and 

(d) bonding the hydrogen separation member 
(40) and the flow channel member together by 
a bonding method free from fusion of a base 
material. 

20. The method according to claim 19, characterized 
in that 

the bonding method free from fusion of the 
base material is^diffusion bonding or brazing. 

21 . The method according to claim 1 9 or 20, 
characterized in that 

the step (b) includes a step of forming the flow 
channel constituting portion by at least one of etch- 
ing, electric discharge machining, laser machining, 
and electrochemical machining. 

22. The hydrogen extraction unit (10) according to any 
one of claim 1 9 to 21 , characterized in that 

those portions of the hydrogen separation 
member (40) which are to be bonded to the flow 
channel members are coated with a metal that sup- 
presses at least one of oxidation and hydrogen em- 
briltlement. 

23. The hydrogen extraction unit (10) according to 
claim 22, characterized in that 

the portions to be bonded are coated with the 
metal that is selected from titaniurn, copper, and 
aluminum. 

24. A fuel cell system, characterized by comprising: 

a hydrogen extraction unit (10); and 
a fuel cell that obtain an electromotive force by 
using hydrogen extracted from the hydrogen 
extraction unit (10) in an electrochemical reac- 
tion, 

in that 

the hydrogen extraction unit (10) is equipped 

with: 

a hydrogen separation member (40) designed 
as a thin metal plate member that is equipped 
with a hydrogen separation film that selectively 
allows penetration of hydrogen; 
a first flow channel member (30) disposed in a 
laminated manner, designed as a thin metal 
plate member, disposed adjacent to a first face 
of the hydrogen separation member (40), bond- 
ed to the hydrogen separation member (40) by 
a bonding method free from fusion of a base 
material, and constituting, together with the hy- 
drogen separation member (40) adjacent to the 
first flow channel member (30), a hydrogen- 
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25. The 



26. The fuel cell system according lo claim 24 or 25, 
further comprising: 



27. A hydrogen extraction unit (1 0) for extracting hydro- 
gen from a hydrogen-containing gas that contains 30 
hydrogen, characterized by comprising: 



first flow channel member (30), and the second flow 
channel member (50) are constructed in a laminat- 
ed manner. 

28. The hydrogen extraction unit (10) according to 
claim 27, characterized in that 

the first flow channel member (30) and the 
second flow channel member (50) are made of a 
group five metal or a group five metal alloy, and 

the hydrogen separation member (40) is coat- 
ed except its portions which are to be bonded to the 
first flow channel member (30) and the second flow 
channel member (50). 

29. The hydrogen extraction unit (10) according to 
claim 27 or 28, characterized in that 

those portions of the hydrogen separation 
member (40) which are to be bonded to the first flow 
channel member (30) and the second (low channel 
member (50) are coated with a metal that suppress- 
es oxidation or hydrogen embrlttlement, 

30. The hydrogen extraction unit (10) according to 
ctaim 29, characterized in that 

the metal coat is made of at least one of tita- 
nium, copper, and aluminum. 

31. The hydrogen extraction unit (10) according to any 
one of claim 27 to 30, characterized in that 

the first flow channel member (30) and the 
second flow channel member (50) and the hydro- 
gen separation member (40) are bonded together 
by diffusion bonding. 



a hydrogen separation member (40) designed 
as a thin plate having a coat made of palladium 
or a palladium alloy on opposed faces of a base 35 
member that selectively allows penetration of 
hydrogen and that is made of a group five metal 
or a group five metal alloy; 
a first flow channel member (30) designed as a 
thin plate member, disposed adjacent to a first 40 
face of the hydrogen separation member (40), 
and constituting, together with the hydrogen 
separation member (40) adjacent to the first 
flow channel member (30), a hydrogen-con- 
taining gas flow channel through which the hy- 
drogen-contalning gas flows; and 
a second flow channel member (50) designed 
as a thin plate member, disposed adjacent to a 
second face of the hydrogen separation mem- 
ber (40), and constituting, together with the hy- so 
drogen separation member (40) adjacent to the 
second flow channel member (50), a hydrogen 
flow channel through which hydrogen penetrat- 
ing the hydrogen separation film and extracted 
from the hydrogen-containing gas flows, ss 

in that 

the hydrogen separation member (40), the 



containing gas flow channel and through which 
the hydrogen-containing gas flows; and 
a second flow channel member (50) disposed 
in a laminated manner, designed as a thin metal 
plate member, disposed adjacent to a second 5 
face of the hydrogen separation member (40), 
bonded to the hydrogen separation member 
(40) by a bonding method free from fusion of a 
base material, and constituting, together with 
the hydrogen separation member (40) adjacent io 
to the second flow channel member (50), a hy- 
drogen flow channel through which hydrogen 
penetrating the hydrogen separation film and 
extracted from the hydrogen-containing gas 
flows. ^5 

fuel cell system according to claim 24, charac- 
eed by further comprising: 

a desulfurizer that desulfurize reformed fuel. 



a carbon monoxide reduction unit that reduces 25 
the amount of carbon monoxide contained in 
reformed gas. 
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